Female students are underrepresented in computing careers and in computing majors at the college or university level. This underrepresentation starts in high school.
WOMEN IN COMPUTING
The percentage of women in earning bachelor's degrees in computer and information science in the United States grew quickly from 16% in 1973-1974 to 37% in 1983-1984 . Since then it declined to 18% in 2010-2011 [2] . This underrepresentation in computer science can be seen in high school as well. Women were only 20% of Advanced Placement (AP) Computer Science (CS) A exam takers nationally in 2014 [1] .
Female students pass the Advanced Placement (AP) Computer Science (CS) A exam at a lower rate than male students both nationally and in our state [1] . The AP CS A course is intended to be equivalent to a college level CS1 course for majors. Scores on the exam range from 1 to 5 with a 3 as the threshold for passing. In 2014, the national pass rate for female students on the exam was 57% and the male pass rate was 68%. In 2014, the female pass rate in Georgia on the exam was 42% while the male pass rate was 47%. Failing the exam may not be a problem if you weren't really trying to pass it, but it could discourage those who were trying to pass the exam from considering a career in computing. Research has shown that belief that you can succeed in a field is a critical factor in choosing a career [10] .
Additionally, when girls fail they tend to blame themselves and lose confidence in their ability whereas boys tend to blame external factors, so failure can have a more debilitating effect on females [9] .
PROJECT RISE UP 4 CS
We created Project Rise Up 4 CS at Georgia Tech to help more African-American high school students pass the Advanced Placement (AP) Computer Science (CS) A exam in Georgia [12] . African-Americans have the lowest pass rate on the AP CS A exam of any racial group both in Georgia and nationally [1] . Project Rise Up 4 CS offers twice a week webinars, once a month in-person hands-on sessions, near-peer role models, exposure to a college campus, competitions, and a community of learners. It has also offered a financial incentive for passing the exam (offered the last 3 years) and for attending the required number of help sessions (offered in the 2 nd and 3 rd year).
We created a free ebook to help prepare high school students for the AP CS A exam and have added content to it each year [11] . Participants in Project Rise Up 4 CS always have access to the most recent version of that ebook and we make the new version publically accessible after the exam. The ebook contains information about what is on the exam, common mistakes, worked examples, and lots of practice problems. Research on worked examples shows that they are an efficient and effective way to learn [17] . Research also highlights the importance of worked examples and practice to build skill [18] .
The design of Project Rise UP 4 CS was based on two successful projects: The Advanced Placement Incentive Program and Glitch. The Advanced Placement Incentive Program (APIP) started in Texas and has offered financial incentives for both students and teachers as well as additional help sessions for students in order to increase the number of students who take and pass AP exams [14] . The Glitch Project at Georgia Tech Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions fromwas created to increase Black male high school students' interest in studying computer science by paying them to be game testers and also teaching them computing concepts. [8] . Glitch featured near-peer role models, instruction in computing, and exposure to a college campus. Near-peer role models are "near" to the target population in some way: age, ethnicity, gender, and/or interests. Bandura's social learning theory posits that people learn by observing, imitating, and modeling what they learn from other people and are more likely to imitate those that they feel are "similar" to them [3] . The majority of Glitch participants continued studying computer science after high school graduation even though only 20% were originally interested in a career in computing [8] .
First Year -Jan 2013 to May 2013
Originally Project Rise Up 4 CS offered a $100 financial incentive if the participants attended at least four help sessions and passed the exam with a score of 3 or higher [12] . That year 27 students enrolled in the project at Georgia Tech and 14 (52%) students completed four or more help sessions as shown in Table  1 . Thirteen of the 14 students who completed four or more help sessions took the exam. Nine of the 13 passed the exam for a pass rate of 69%. The pass rate for all African-American students in Georgia that year for AP CS A was 22%. A total of 28 African-American students passed the exam in Georgia in 2013, which was a record number. Twenty-two students had passed the exam in Georgia in 2012, which was the prior record. We cannot know how many students would have passed without Project Rise Up 4 CS, but at least some of the students told us that they didn't think that they would have passed otherwise. 
Second Year -Oct 2013 -May 2014
In response to participants' suggestions, we started the second year of Project Rise UP 4 CS in October of 2013. Since we started earlier, we required that participants attend six help sessions rather than four to be considered as completers. Thanks to a Google RISE grant, we offered participants $100 if they attended six help sessions and an additional $100 if they passed the exam. Our hypothesis was that this additional financial incentive would encourage more students to attend the minimum number of help sessions. That year 33 students enrolled at Georgia Tech and 15 (45%) attended the minimum number of help sessions, as shown in Table 1 . Six of those 15 participants passed the exam for a pass rate of 40%. The pass rate for all African-Americans in Georgia that year was 23%. A total of 35 African-American students passed the exam in 2014 in Georgia, which was also a new record. Contrary to our hypothesis, the completion rate actually fell from 52% in year one to 45% in year two. However, this decrease in the completion rate could have been due to our increasing the required number of help sessions from four to six. While one of the participants mentioned the financial incentive as a reason why he joined the project during a focus group, some of the students who earned the $100 didn't even fill out the paperwork to receive the money.
Third Year -Oct 2014 -May 2015
In 2015, we went back to requiring participants to complete four help sessions rather than six to assess if that would result in a higher completion rate. Due to the need to spend out the Google RISE grant before the end of 2014, we offered prizes worth at least $100 if students attended the required number of help sessions and a prize worth at least $100 if the student passed the exam. Twenty-one students enrolled at Georgia Tech and 16 (76%) of them attended four or more help sessions as shown in Table 1 . Fifteen students took the exam and 5 passed (33%). The completion rate did increase when we required four help sessions (76%) versus six (45%) and it was also above the original completion rate without the additional $100 financial incentive (52%). This supported our hypothesis that the additional financial incentive for attending the required number of help sessions would improve the completion rate. However, three of the students didn't pick up their prizes. In addition, the pass rate for completers decreased. While the financial incentives were mentioned by some of the students in a focus group as part of the motivation for joining the project, they didn't seem to be important to others.
SISTERS RISE UP 4 CS -2014 -2015
Georgia 
Recruitment and Application
We sent emails to our mailing list of AP CS A teachers in our state and asked them to notify their students about the project. Students had to fill out an online application that asked for their contact information, grade, gender, ethnicity, the computing courses they had taken, school name, teacher name, computing experience such as summer camps and robotics teams, textbook, development environment, how they got interested in computer science, and why they wanted to be part of the project. Thirty students applied.
Themes from the applications
Eighteen (60%) of the applicants said that they became interested in computer science because of a family member, teacher, or friend. These themes are not surprising given recent research from Google on the factors that influence women in computing [19] .
In particular, researchers "found that encouragement and exposure are key controllable indicators for whether or not young women decide to pursue a computing-related degree. [19] " The research also showed that encouragement from both family and non-family (peers, teachers, role models) sources had more of an effect on girls than on boys.
Enrollment
Of the 30 students who applied, 21 completed the required parent consent and student assent forms to enroll in Sisters Rise Up 4 CS at Georgia Tech. Eight students enrolled in November of 2014. Thirteen students enrolled in February of 2015. At the enrollment session students took a pre attitudinal survey and completed a 20-question multiple-choice content knowledge pretest. We gave parents and students a presentation on the breadth of research being done by women in computing at Georgia Tech. Parents attended a session on computer science at Georgia Tech while the participants were taking the pre attitudinal survey and pretest. Our goal was to encourage the parents to support their daughters' interests in computer science.
Of the twenty-one enrolled students, one (5%) was in 9 th grade, eight (38%) were in 10 th grade, three (14%) were in 11 th grade, and nine (43%) were in 12 th grade. Of the twenty-one enrolled students one (5%) was Latina, three (14%) were AfricanAmerican, four (19%) were Caucasian, and 13 (62%) were Asian.
The enrolled students came from nine different schools as shown in Table 1 .
Most of the students came from highly ranked schools (with 1 as the highest and 399 as the lowest). 
Program Details
We hired two Caucasian female undergraduate students and one male Caucasian high school senior student to serve as near-peer role models and to lead the webinars and in-person help sessions. The high school senior had previously passed the AP CS A exam with a 5. One of the undergraduates was a junior and one was a senior. In the spring, one of the female role models acquired another position; to fill her spot, we moved one of the Asian male undergraduate students who had been working with Project Rise Up 4 CS to Sisters Rise Up 4 CS. Prior research has shown that both males and females can serve as role models for female students provided that they do not reinforce or promote stereotypes about computer scientists [6] .
We trained the leaders on how to use Blackboard Collaborate, the webinar software that we used. We instructed them to make the webinars interactive by asking the participants to explain concepts, predict results, and explain why the answers to multiple-choice questions were right or wrong. Prior Project Rise Up 4 CS students had commented that they enjoyed the interaction on the webinars [13] . We incorporated findings from education research into the webinars and in-person sessions. In particular, we encouraged our role models to use active learning, worked examples and practice, and to encourage learning from mistakes [4; 5; 7] .
We spent less than $3,000 total on Sisters Rise Up 4 CS. We paid the undergraduate students and high school student who led the webinars and in-person sessions, paid for food for the inperson sessions, and bought prizes for the competitions and raffle. We held a practice multiple-choice exam competition, called the AP Bowl, at Georgia Tech in April of 2015 and awarded prizes to the top scorers from Sisters Rise Up 4 CS and Project Rise Up 4 CS. We also entered all of the female students who sent us their scores on the exam into a raffle for a prize worth $150 to $200.
Results
Participants were required to attend at least four help sessions to be considered to have completed the project. Twelve (57%) of the 21 participants attended at least four help sessions. Some participants attended many more than four help sessions as seen in Figure 1 . One person attended 14 help sessions, which suggests that she found the sessions valuable.
Figure 1. How many attended each number of help sessions
Of the 12 participants who attended four or more help sessions, 11 took the exam, and 6 of the eleven passed (55%) with a score of 3 or higher. Of the 21 original participants, a total of 9 of the 21 (43%) students passed the exam. However, three of the 21 students did not take the exam. For comparison, the pass rate for females in our state in 2015 on the AP CS A exam was 48%.
As displayed in Table 3 six (67%) of the nine students who passed the exam identified as Asian. Two (22%) identified as White, and one (11%) identified as African-American. As shown in Table 4 completers, who took the exam, failed the exam. A higher percentage of the non-completers failed the exam than the completers. None of the students at the two lowest ranked schools passed the exam, as seen in Table 2 .
The student from school 7, a low ranking school, was actually taking the course virtually, since her school didn't offer the course. 
EVALUATION
A mixed methods approach was used to evaluate Sisters Rise Up 4 CS. We administered a pre attitudinal survey and a pre content knowledge assessment when the students enrolled. We asked students to complete a retrospective post attitudinal assessment and a post content knowledge assessment in April of 2015. However, very few students took the post-content knowledge assessment, so we are not reporting on that here. The attitudinal surveys are available on request and the pre and post content knowledge assessments are available in the ebook [11] . A focus group was conducted in the spring of 2015 with three members of Sisters Rise Up 4 CS in order to gain deeper insight into the participants' experience. In addition, we conducted individual interviews with several students in the summer of 2015 in order to gather feedback from more of the participants.
Attitudinal Survey Results
Twelve of the participants in Sisters Rise Up 4 CS completed the retrospective post attitudinal survey. These students showed gains across all eight attitudinal constructs from "before" the program to "now" as shown in Table 5 (top row in each section). This may indicate that the program was effective in enhancing females' positive attitudes towards computing. In particular, students show statistically significant (p<.05) gains in their attitudes towards gender equity in computing. Likewise, growth in their perceptions of the importance and usefulness of computing is trending toward significance at p=.089. There was also a significant, positive correlation between the number of sessions that participants attended and growth (from before to now) in "Motivation to Succeed" at p=.012 and in "Identity and Belonging" at p=.008. This suggests that attending more help sessions increased their motivation to succeed and their feeling of belonging in computing.
Thirteen of the participants in Project Rise Up 4 CS completed the retrospective post attitudinal survey. These students demonstrated statistically significant gains in confidence, enjoyment, and motivation to succeed as shown in Table 5 (second row in each section). It is important to note that the "now" results for the Sisters Rise Up 4 CS participants for only two constructs exceeded 4.0 on a 5-point Likert scale. This is in contrast to the "now" results for Project Rise Up 4 CS in which nearly all averages are above 4.0. Together, these findings indicate that while the attitudinal gains among Sisters Rise Up 4 CS participants are promising, there is still considerable room for further growth.
There was also a positive correlation (r=0.569 and p=0.014) between performance on the pre content knowledge assessment and performance on the AP CS A exam. One Sisters Rise Up 4 CS participant had a pretest score of three out of 20, yet she still passed the exam with a score of three as shown in Table 3 . Given her low score on the pre content knowledge assessment she appeared to be at risk of failing the exam when the project started, which implies that she made strong gains in her content knowledge during Sisters Rise Up 4 CS.
Sisters Rise Up Focus Group Interviews
Qualitative data gleaned from a focus group with three Sisters Rise Up 4 CS participants revealed many of the same themes that we had seen in prior Project Rise Up 4 CS focus groups [13] . Participants valued the in-person sessions, the webinars, the near-peer leaders, and the focus on the exam. Some students praised their AP CS A course teachers. Others said that their course teachers made them learn mostly on their own. One participant reported that her teacher didn't cover the material on the exam or help them prepare for the exam. Research suggests that minimally guided instruction is inefficient and less effective than direct instruction [15] .
The subsections below highlight comments that we have not encountered before in our prior focus groups. 
Computer Science is Different

Exam Tips and Tricks
Participants appreciated the exam tips and tricks that they learned from Sisters Rise Up 4 CS, "They help you go into the problems much faster and save time on the test." There are 40 multiple-choice questions on the exam and the students only had 75 minutes to answer those questions, so it is important to be able to answer the questions quickly. 
Reaction to the webinars
Importance of the College's Prestige
Participants felt that it was important that the program was offered through a prestigious college. 
Individual Interviews
To gather more information on participants' experiences in the program, we conducted remote individual interviews with two additional participants in late summer of 2015. Both interviewees passed the AP CS A exam; however, one attended 10 help sessions while the other attended only 2 help sessions. We were particularly interested in learning why the second interviewee had only attended two help sessions.
We interviewed a ninth grade participant who attended ten help sessions and achieved the top score, a five, on the AP CS A exam. Qualitative data gleaned from focus groups and interviews show that participants in Sisters Rise Up 4 CS valued the project. Likewise, there is evidence to suggest that several participants were motivated to pursue additional computing courses and/or a college major in computing as a result of participating in the project. Additional research is needed to track participants longterm to see if the impact of the project is sustained through college.
CONCLUSION
Women are underrepresented in computing careers and on the Advanced Placement (AP) Computer Science (CS) A exam. Helping more women pass the exam could improve the representation of women in computing. Sisters Rise Up 4 CS is a low cost intervention that resulted in positive changes in attitudes towards computing. It was based on Project Rise Up 4 CS, except that it did not include the financial incentives in Project Rise Up 4 CS. The financial incentives in Project Rise Up 4 CS for the last two years were $100 for students who attend the required number of help sessions and another $100 for passing the exam. The completion rates and pass rates for Sisters Rise Up 4 CS were not substantially different from Project Rise Up 4 CS. Given the low cost of this intervention and its success; more colleges and universities should consider starting similar projects at their institutions. Project Rise Up 4 CS has already been successfully replicated at other institutions [13] . Sisters Rise Up 4 CS can also be easily replicated. The materials (ebook, handbooks for the project coordinator, and handbooks for webinar and help session leaders) are freely available. It's a low-cost but significant-impact intervention.
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